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SUMMARY

.,.

OFATMOSPHERIC

s.lwYr3ER

A genemldescriptzon.of,the$ieldoperationsofthe
. U.S.WeatherBureau@mile@o~ pzq?eot.oondutitedinthe

-/itinityof0r16.ndojFla.)duringthesummermonthsof1946
isgiven.‘The,participationoftheMCA inthisproJect3,s

- describedand,m%mqxmentsbfatmospherictyrbtilenoetakenby ~
theNACAarepresentedforone,o?thefli@ts.

s .,,.... .’ . . . ...
‘ThbresuJ.tsinticate&at someregionsofthunderstorms

“‘+ p~qsent’‘nogreat~~~ tof~~t~ Wmle bxo~@ioIM~
● :, s6VereconditioneofatmosphericturbulemeI@ oocurinother

regionesoreveninthesameregionsataboutthesamettie●
Theresults.aI.qoindioqte..-t theseseyeregonditi~.oftuz=
bu16noemightle&i.,tolossofctontrolwiththepossiblelossof
*6 airplane. .“

“.
●

.. . . . . ~.’..-.
,, I~ROLKJCmON. ‘,. .J.,.. ,,., ,,,,

Meet.mutinefllghto~iationsrequirea oerkih,amountof
thundektomfl&ingforthereasonthatitisnotalways,possible
orpraoticalforthepilottoamid”allstormareas● Ni@t
operationsj foriqsl+me>leadtodifficultiesin.deteoting
individualtkmderstorqsor,c~ar regionsbetweent%understoms.
Inother.oa:,es,i,tmaynotbeconsideredaneconomicalprocedure
todetoura lineofthundg~tmme.P+lots,on manysuchOOCaSiOnSj
hgwe,‘f1- th~u~,thethurlderstoms~$houtin~i~entj”while.
othershaveonlyrare~experienoedsevereturlmlefitcondttionp.

●

,.’ ,..
As.oont’~stedto.theseekperie~esiothershave-beenremorted

which;ahow“t+yio~ent”- - ““”“ “
.

* tion’of.p,l.j.suchcaaes
atmosph6rioturbuletie

cha.rac.teristicsofthunde~%ome,,CoWidera-
wbuldindioatethathazaxdoueconditionsof
q at”timis&cur insousregiotiof
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thunderstorms,wl-d.leinother regionsno greatdifficultytofli~t—
willoccur.Todate,however,noquantitativedatahave-been–
obtainedtoverifythispoint.

Durin~the1946operationsof the thunderstoniprojectnear
Orlando,Fla.,datawere.obtainedwhichrelatetothefore~oing
question.Thepurposeofthepresentpaperistopresentthese

—

datatogetherwith& general
project.

ORGANIZATION

description-oftheactivitiesofthe —

..- -

ANDFIELDOPERATIONS -.
OFTEETIEINTERSTORMEROJECT

Thethunderstormpr~jectisunderthedirectionandcoordination
oftheU.S.WeatherBureauwiththeactivepsrt~.cipation& the
Amy Air*Forces,theNavy,theIIMversi.tyofChicago,andtheNACA. -
Allfieldoperationsduringtheswanerof19)+6wereconductedwithin
thevicinityofOrlendo.Amy AirBase,Orlando,Fla.Thissitewas \
chosenas‘thebaseoffieldoperationsforthepro$ectbecauseit .9.
islocatedintheregionofmsximmfrequencyofoccurrenceof
convectivethunder~to~sduringthesumnermonthsandbecauseArmy
facilitiesrequiredformsnyoftheoperationswerealreadyinstalled. ?
atnearbybases,.

Thefieldoperationsofthethunderstormyro~ectcanbedivided
intofourseparatebutcloselyrelatedphases- flightsurveysof
thunderstomwtoobtaindataonvariousmeteorologicalquantities
andonthelndioationsofairborneradarequipmentwithtithestorms,
gromdradarobservationofWunderstomnechoesan!offlightpathe
oftheairplanesduringcloudsurveys,detailedsurfacemeasurements
ofmeteorologicalconditionssuchasprecipitationandpressure
changesassociatedwiththethunderstorms,sndradioaondeandrawin
measurementstodetermineupperairconditionsprecedinganddurin~
thethe ofthethunderstorm,

Thefllghtsur+eytiwerb&de’byfiveairplanesundertie
—

directionof.awoundcontroller.Onthe%asfsofgroundradar
observationsofthethunderstormsandofthepositionoftheair-
planes)directionsastoflightgiltitudesendheadingswere issued
tothepilotssothatnearlysimultaneoustraverseti-ataltitudes
from6000to 26,000feetandatapproximate~~o-footvertical. w

intervalscouldbemade.Duringthetraverses,measurementswere
takenofatmosphericturbulence,endmotion-picturerecordswere
takenoftheindicationsorrsde.re~uipmentinstalledintheair-

*

planes.Followingtheflights,additionalinformationwasobtained
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fromtheflightcrewscon@rni&thgin%nsity&dloc&tionof,
regionsofic~, variousfozmsof@ecipi*atj.on,Zi@tning
discharges},and.otherf%.otorssffect@gthehandlingofthe“
airplane.,,- . .... ., ..,.,
,.,.Thegr&nd.rai&indications-ofthethu@mstom’”ana’ofthe
Iocatiopsofthe”airplaneswerephbtographedhtl~-seconiiintez%l.s
sothattheactualp@hs oftheairpleaescomdbe plottedin
relationtothestormechoes.Thesephotogra@stogetherwith
measurementsoftheinteqsityofthethunder@to~”p&ovide&atpfor
studiesdelatingtotheuseofradar’‘asam@nq of.detecti~hazardous
stormconditions.

Detailedsurfaoemeasurementsof!neteorolo~icalconditions
associatedwiththethunderstorms,weretakenfroma networkof
5!5stationscoveringroW* a“7-by”ls-mile&eaC Thesurfaoe
me~~e?aentstakenateachstationconsistedofautcmaticrecordings
oftemperature,pressure,relative.humidity,rainfall,windspqed,
andwinddirection.Thesemeasuremmtsweretakencontinuoudy
thro~houtthedurationoftheproject.

., .
● Theupperairmeasurementsweretden”withradiosondeequipaent

Installedatstxstationssndrawinequipmentinstalledatten
stations.Asa safetyprecaution,theupper=airmeasurementswere

b takenonlypKec@lngandfollowingtheairplaneflights.

APl?ARATUSANDMiY13iODl?ORMEASUICQW .

.,. -.. .

, Theairplanes
shcwninfiqure14
are~iven’inta%le

used
The
Is

in thethund.erstormpro,$,ectwereofthetype
characteristicsoftho-airplanesasflown

.,

Theinstrumentsinstelledineadh”airplanetodeterminethe
gust velocitieswere: ,..

‘11)NACAair-dampedrecordingacce3.eromet’er
2) NACAairspeed-altituderecorder‘
~)NACAcontrelpositionrowmi.er
4)NACAsynchronous%imr (L-seeinterval)

The,accekmme~er~whichwasinstalledat,thecenterofgravity
ofeachairplenetomeaau+e.th~,normslaccelerationincreo.qents,was
0.7criticallydampedandhad~v~frequency,of12to13cycles
persecond,The”airspeed-e3tituderecorderwaacomectedtoa special‘
airspeed.headmountedontheundersideofthenosesectionofthg
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airplane.~is i@mlia~@nwasindependentOfthepilot’sair-
speedsystem.The,control-positionrecorderwa~connectedtothe
elevatorcablestogiveameasureofcontroldeflectionssothqt
a selectionofaccelerations resulting,fromgustsascontrasted
withthoseresultingfromcontrolmovementscouldbemade,The
instrumentswereadjustedto.@veq recordspeedofabout0.2inch
pe~:second”andweresynch~nizedbythel-secondintez+valtimer.- ‘- ‘“-””‘“
Operationofthe-ins+mumentawascontrolledbythepilotbymesxM
ofanon-offswitch.

Therecordsofacceleration,airspeed,andalti%dewere
evaluatedto obtainthee.ffectlvegust--ve&itiesUe byuseof
theformula(referencel):

in,,

Ue

An

P*

Et,

IT*
.
9

K

?nnw ~,. TJe= —,,. .. --
poaVeSK

,. -.,.

which

effectivegustvelocfty,feet.pe$second .

accelerationincrement,g units”

weightofairplaneattimeaccelerationincrementwas
experienced,pounds

airdensityatsea.leveljslugspercubio

slopeoflift-coeffici~tcurve’corre@ed
effbct;’”perra~ian .

equivalentairspeedQ?airplage,feetper
(reference2)

wingarea,squarefeet

. .

J—-. .

●
✎ ✎✎ ✍ ✍✎✎✎�

0

foot .-
—

~orMachuumber------

relati+~alleviaticmkfac.tortakenfti fi~e l“ofreference1 –
(K= 1.19forwinglo~ingof~5.71b/sqft)~

,. -..
. . ..

ERE(XSION ,-. . .,,
. ,.,.

The“e.ocuracyofth’eNACAaccelerationmeamrementswas , k
determinedbydr6pptngthea~celerornetem,oncalibratedsprings
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toobtainone-halfsinewavesofimpressedaccelerations.These
testsindicatedthatfortheinstrumentsusedinthethunderstorm
projectthedynemicerrorswerelessthanO*05gforfrequencies
upto5 cyclespersecond.Aninspectionoftherecordsobtained
fromtheflightsindicatedthatthisrangeoffrequencies corres-
pondedtotherangeofimpressedfrequenciesduetogusts,At
times,however,additionalaccelerationincrementsofaboutO*05g
duetoairplanevibrationwererecordedbythe~celerometers,
Theaccelerationincrementswhenreadfromthe records to ~0.Olg
are thereforefelttdbeaccuratetowlthintO.10g.

TheNACAairspeedrecordingsystemwascalibratedinaccordance
withthemethoddeecribe&inreference3 byflyingoneofthe
airplanesatvariousairsyeedspasta referencepointofknown
elevation,Allrecordedairspeedswerecorrectedby”meansofthis .
calibrationinobtalnt~thev~uesof Ve usedintheeffective-
gust-velooityfo~a. These.veluesef Ve arebeltevedtobe
accuratetowithtn*2feetpersecond.

The&sximumerrorintheeffectivegustvelocitiesresulting
fromerrorsintheairspeed-accelerationmeasurmentsist2feetper-””“
Eecona.Weightchemgesoftheairplmesduetofuelconsumption
Sreteke~jXltO-account,ticcm~t~ the-t T@iLOCitieSt

FLUHT”INVESTTGRTION 0FA33UNIERSTORM

ONJULY2,1946

.,
Four&cplsnea-perticipat@dinthesurveyscmtheafternbon “‘

ofJuly2, 1946.&“tirectedl?ythegroundcontroloperatorj
eachairplanema.defourorfivetraversesthroughthethunderclouds’““’
atitsassignedaltitude-of6@0, 11,000, z6,000,end21,,000feet.
overthep@od 3.415to1515EST. Alltraversesweramadeat
apprcxdmately180milea.perhourindicatedairspeed.

~“reports”oftheflightcrewsindica’@dthat’th&cleud
initiallyextendedfromanelti’tu@.of‘j,000 feet up to28,0CQft?at”
and,asthetraversesprogres~ed,thetopsgraduallybuilt’upto
about33;000feet.Lighttoheavyrainwasencounteredinthe
lowerpartsofthe-cloudswithlight-tiomoderwtehsil,.freezin&’”
rain,orumowbeingencounteredintheupper.psrts.occasional
light~ withinthecloudswasreportedly all flightcrewss
Accordingtotheestimatesofthepl@tg,.Qghttoseverecondiki~”“
ofatmospheric—turbulencewere~ount+red.ata3Xal.tit*

.,
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Them&imump~ej.ti%kid+@ative,eff,e<t~~e.&zs,%$el&$~i?s~,” —

‘%ax obtainedfor&achtfiverseofthefourairplanes.&re
~ qmmarized,withthe.coxregpondingmaxinum.aooelexatfon.iriorembnt .
and’the.sta2ting+ime,“and’lengthofthetraverses.Ifi ‘table11● ‘ “‘ ,-
InordertogivOa letterindicationoft@..re@tiveintensityof
theturbulent6 encounteredat$he.di~ffe_~nt-timesandaltitudess-‘‘
titmehistoriesoflaooc+le~atiom.of,me lasttraverseQftheairplanes
at6}OQO,1.13f02~.@, 16,000.tee~and.fo.r,the@st twotraversesof
the&p’lanea{21,000feetaresho~ inf;gure2* @e variation.of
theabsolutemaximumeffective@t velooity[Ue~= wi%hthe for
all-traverses%$sshcwninfigure34’ . ~ “

,. +. ,’ .,’ ,... . +:,:,. . -.. -.
... , .,. .. . ..,.J.ai s--7., ’,., r .’ .

. -. DISCUSSION’; b... . .. .
—

#

TableIIIndicatesthatwithth&e%oeptibhO?%helast
traverseJeffeotivegustvelocitieslessthan20feet‘“persecond

—

wereencountered.Thepilots..ir+lica~~dthatonthese_traverses
nomarkeddifficultyofcontrolwasexperienoedand,ingeneral~

.

theintensityoftheturbulencewasclassifiedaslighttomoderates
Onthe,me.t~traverse’a!?theairp~. flyingat-213000feet+”howeyery
effectj.vegustti.e.kcwitiasslight~gmatersthan28feet.pa s~~bnd
werq!!e&QUntered.a$dthe,pilotindicatedthatthe,cOnditimsWem “
of!mob e?verity~t. %%,ti.mes.theai$phne.“wasalmostoutof”oantrolt ,-. ..

%_.$.: .. .=-- ‘* .?,.-,.-,.< ...,.’ .=.:.-
Thetimehistoriesofff@ire’2‘indioatq=quiteclearlyW&t the

airplaneat21,000feetexperiencedmuchmoreseverecondltionsat
L505ES’lh..@nxx a prwiou.straversethrotiglr.the.clbud&tthe”same
ailkitude.,‘o!rth~ other,aiz@ane6.atother.altftudes●“ Thblarge.~
sustained.flegativs.accelerationi~rementsexperlenoedduring:the.‘
latter:partofthetraverseledthe@lot andradarbperatir’to ‘‘
believe.thattheairplane.~s igvefiedontwobcch~ions.ItmaY:be
obsmmed.f’romtheset$mehistoriesthahextrembt~rbulehcbmbyoc5&
In’someregionsofthunders.tcnmwwhi2eotherregibnS@y riot-be.“:0-
exceptionallyeeveree:.~ .,.~~,:, ! .,,,.... # Q -,..: .,.!,..’. .

.. ..--....””..”..”..,.:.,>.-..,.,.>..-....,!,+?........; -,7... .
Pigure3 indicatesthattheturbulenoe atthedifferent

altitudesWIthintheoloudsfolloweda generallysimilartendency
todecreasearidthen.increasewiththepassageoftime,Therate

.

.-
,.

,-. . ---’
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oflncreaeewasmorerapid,howeveb,szil’theturbulencebeoamemore
severeat21,000feetthanatotheraltitudes.Thus,turbulencemay
notbeextremeinallpartsofa thumdez%komi’ndrtliroughoutits
lifeoycle,butinsomeportionduringtheoycleexceptionallyqevere
conditionsmaybeencountered.,,

.,.

C!CINCIIJDINGREMARKS”~ ‘“”. . ..
,, Extreme’conditionsofa~osphbricturbhleti~e.~y not.always
be.encounteredwhenflyingthroughthunderstormsnevefiheless,at
sometimeandplacewithina storm,con&itionsmaybeexceptionally
severe.Untilextremelyturbulentregionswithinthunderstormscan
beaccuratelyprediotedordetected,allthunderstormflyingshould
beregardedas potentiallyhazardous.Theresultsofthispreliminary
analysisshowpromisethatanalysisofadditionaldatawillcontribute
substantiallytothesafetyofthunderstormflyimg~

.0

L

LangleyMemofialAeronauti.aalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va~,Januazy2g,1947
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SUMMARYOFAC!CEMRATIONANDGUSTVELOCITY

MEASUREMENTSWITHINA TEUNREIHKX3M

ONJUu 2,lg46 .

- “!$

t Maximm
AirplaneSteu+tof Len@h Maximumaoceler-
flight

effective
traverse of atlonincremsht,gustvelocity.,

altitude (EsT) traverse
(f%) (ft) %laX

(i3)
%maX
(fpe)

I

6,000 1408 6,873 0A-J -0,35 10.3 -8,o
1425 k2,717 -*4T 11.5 -12.8
1453 21,636 ●4O -*35 10.9 -9.0
1457 25,651 -.62 19,8 ’14b7

1500 71,907 :8 -.56 14.7 -11.8

11,000 141.1- 46,263 -79 -.54 18.7 -13to
1428 24,000 .52 -.30 13●5 -7*9
1451 35,571 ;$ -’34 7,8 -8,4
1513 7’3,725 -.42 11%9 -10.1

16,000 1418 35,592 .67 I -●59 15*9 -140
1428 2!2,666 *59 -●39 16,7 -lo*?
14.48 36,945 .52 -.54 14.3 -14*O
1504 48,76Q ●79 - .5b 18.5 -14’.2

21,000 1418 48,183 .63 -=59 17~3 -15*4
1441 27,703 ’38 -.23 10*4 -6.9
1453 47,671 .32 -.23 9+4 -6.9
1505 79,0m 1.16 -1.25 2863 -28.6

NATIONALADVISORY
CCNMITTEEFORAERONA~CS
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Figure1.-Airplaneusedintlmndertiormproject.
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